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£j (57) Abstract- A method and system to facilitate image guided surgery by projecting onto the patient an image corresponding to 
markings made on prc-acquired images of the patient is disclosed. The image is projected by an imaging projecting device such as a 
laser which emits coherent visible lighC The position of the patient and the image are detenriined in tlie same frame of reference. The 
markings made on the pre-acquired images are then mapped onto the corresponding locations of the patient. The image projecting 
device then projects images onto the patient corresponding to the markings made oil the pre-acquired images. The images projected 

Q by the image projecting device can be temporarily or peirnanently marked onto me patient so that they are visible after the image 
projecting device stops emitting radiation. Use of aplKrtodynamic substance can also be used in conjunction with the light emitted 

5^". from the laser to treat tumors and other abnormalities in the patient. . 



WO 01/19271 



PCT/CAOO/01054 



METHOD AND SYSTEM TO FACILITATE 
IMAGE GUIDED SURGERY 



FIELD OF THE INVENTION 



10. 



This invention relates generally to image guided 
surgery.. . More- specif ically, the present invention 
relates to, a method and system which facilitates use of 
pre-acquired images of an anatomical body to pre-plan 
arid perform medical procedures. 



BACKGROUND OF THE INVENTION 



15 



20 



25 



30 



In recent years, image guided surgery has become 
more and more common, in part because of the ability of 
a surgeon to view internal images of a patient's • 
anatomy and pre-plan a medical operation; In this way;, 
pre-acquired images of the anatomical body are used to 
plan the .course .. of ,the medical proceed re whether the ^ 
medical procedure is diagnostic, therapeutic or 
surgical in, nature. The pre-acquired images can also 
-be used, to some extent, during the medical procedure 
for orientation of the surgeon with respect to the' 
internal anatomy of the patient . 

The images of a patient ' s external or internal 
anatomy, iised : in- image guide surgery : can be generated 
by a number ;6f means, including computerized tomography 
\ (CT) , ^raa;gneta;G;i:--xesonance 'imaging'' .(MRI ) j • 'yideo;.: 
ultrasound and X-rays ; Images may: ais-o be s captured 
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diagnostic. or therapeutic procedures. During the 
medical procedure, the surgeon can then refer to the 
markings on the : images to assist in performing the 
procedure . 

Furthermore > the prior art imaging devices can 
project a representation of the instrument or tool 
being used by the surgeon onto the pre-acquired images 
during a medical procedure. . The representation 

10 corresponds to the position of the actual instrument or 
tool with respect to the patient . By; viewing the 
position of the representation of the instrument or 
tool with respect to the. data-base body of pre-acquired 
images, the surgeon can extrapolate the position of the 

15 actual probe or instrument with respect, to the internal 
anatomy of the patient In addition, the surgeon can - 
simultaneously follow the pre-planned markings on the 
pre-acquired images . 

20 However, the : prior art imaging devices and methods 

suffer from the disadvantage that the surgeon's 
attention, is no longer directed solely toward the 
patient during the surgery, but rather is also directed 
■■- toward the pre-acquired images/ the pre-planned 
25 markings and the representations of the. probes and- • 
: V instruments on the images . .In other words," during/ i 
-. iina 9; e guided surgery; the surgeon ' s. attention is ;split 
.... between the. patient and the data-base image of the - 
' patient .. This m i.s^'af t <en ''di'scpncerting.r f or. /Suxge : pQs v / "•a-nd ' .' 
30 -in particular surgeons With Limaige . ' -. 



WO 01/19271 



PCT/CAOO/01054 



- 4 . 

guided surgery, because their attention is no longer 
solely directed toward the patient, as is. the case with 
other types of surgery. Rather, the surgeons must view 
the image of the patient and the representation, of the 
probes and instruments with respect to the data-base 
image while manipulating the actual probes and 
instruments within the patient. This can adversely 
affect the surgeon's hand-eye co-ordination and could 
result in the surgeon becoming disoriented. 



10 



;:Also> because the attention of surgeons during 
image guided surgery is split between the patient and 
the image of the patient; there is a risk that a 
surgeon will not notice that the surgeon Has stuck, or 
15 .. will strike, a "critical structure'', within the patient . 
Critical structures include an organ or blood vessel, 
which,: if /stroick, can critically or severely damage the 
patient . This is Compounded by the fact that several 
imaging techhiiques do not provide 'detailed 
20 critical structures , : such as organs or blood, vessels; . 
v and a surgeoh raay not inmiediately see them if. the 
' surgeon' s, attention 7 is ; d^ 

; acquired images rather than at / the patient .. '•. ; . .. 



25 



30 



A further disadvantage of the prior art imaging 
systems is thai all pre-planned markings made by the 
surgeon are 1 o c ate d on t h e pre- acquired image s . . 
Accordingly, in order -io. . use - the 'pre-planned markings., 
the surgeon must constantly refer to ^ 
orient" the Images and pre-planned markings to the 
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anatomical body, during, the, course of the. medical 
procedure. 

SUMMARY OF THE INVENTION " - * ' 

Accordingly, it i,a„ object of this invention to 
at least partially overcome the disadvantages of the 

prior art. Also, it is an .object of . this invention to: 
, provide a . method and system, facilit.teamage guided • ^ ^ ' ' 
10 surgery by projecting onto the .anatomical body during 

the medical procedure any markings made onto the data- ' " 
base body of pre-acquired images. 

' H ACC ° rdin9ly ' in ° ne ^ aspects, this - invention; " - 

resade, in a system for projecting onto an anatomical 
. , body markings made on a . data-base, body of pre-acguired " 
-ages . of the. anatomical body,, said system comprising- ~ 
. 3 s P atial determinator for determining spatial 
. . P os itional information of . the anatomical body and I 
20 ^-ating f irst positional signals indicative oi the ' " ! 

spatial positional information^ the anatomical body ' ' " | 

, rn the frame of reference; a mapping unit for receiving > • : ' I 
■ - . - first- positional signals indicative of the spatial' 1 
; .: , positional information of .the anatomical body ■ in the - ' - ^ ^ • ■ ■ ' ' • 1 

25 f " me Qt ^ ference ^ -^Pi^Vthe parkings made ion the ' ' I 

,-. data-base . body of pre-acquired images onto >\v.4. ■ ,., V | 

. corresponding locations on the anatomical body and I 
generating a mapping signal, indicative of the '■ ' i 

V : ^°" es Ponding locations dn^tfcf rame. c f ref eren^e of ' ! ' ' " ' ^ " ^ ' 
3 p ; - . th^mar kirtgs ^n.^ 



4 
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projecting device for receiving, the mapping signal and ; 
projecting an image of the markings made on the data- 
base body: onto the cprrespondinCf. loc.atioas of the 
, anatomical body .. . : 

In a further aspect, the present- invention resides; 
in' a method for projecting onto an anatomical body 
markings/made on a data-base .body of pre-acquired . 
images of the anatomical body, said method comprising /. 'r: 
.the steps of: obtaining spatial positional information 
of the anatomical body in : a frame of reference; mapping. 
. the/markings made on the data-base body of pre-acquired 
. images onto the corresponding locations on the 
anatomical body; and projecting an image of the 
markings. made 1 on the data-base body onto the 



X J JllQL/YJ.iiyw« . Al.wt v*^. w*. 7 _ . J 

.corresponding locations of : the anatomical body in the 
. frame 'of reference. -' . ' . 



■ ■■• . 



One of the< advantages of the present invention is ; ■ 
20 that an. image corresponding to the markings made by the , 
V\ surgeon" , onto the data-base body of ; pre-acquired images :';;.■= 
can be viewed during the surgical "procedure- directly on 
the patient . •' In other words, the surgeon will have, the'; 
belief it of any markings made on the p ire -acquired images. 
. 25 ; during pre-planning of the : medica'i procedure while the ; ; 
.. surgebri' s ; attention : is directed to the patient . This ^ . ^ 
v permits .the- surgeon to more easily peirf orm the ;rriedical 
. procedure: in : a manner 'that the; surgeon is accustomed 
,;;:V to/ ; ratKer^than; by watching the : pxe-acquired images and , 
™ a . r epr es eh t a ti on of the ■'• iris t-r.iime«;ts^pp;;.the images. 
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-. A further advantage of the present invention is 
that the attention of the surgeon will be directed 
towards the patient for greater periods of time during.. 
5 the medical procedure. This will assist in the surgeon 
identifying critical structures, which may or may not 
have appeared in the pre-acquired images, before they 
are struck. Also, even if the critical structures have 
appeared on the. pre-acquired images, the internal 
10 anatomy of the. patient may have changed since the pre- 
acquired images were captured: For example, the 
internal organs or veins of a patient could have moved, 
either by movement of the patient, the actual incision 
by the surgeon, or other means. Clearly, these 
15 movements will not be reflected in the pre~acquired . 

images as the movements occurred after the pre-acquired, 
images, were captured and the surgeon will only notice, 
the changes by viewing the patient. 

20 , - . Another - advantage of the present invention is tha t 

a surgical procedure can be planned by a surgeon 
located in a remote location of the patient , and, with . 
only the benefit of the pre-acquired images. For 
. .. instance, the markings made, on the pre-acquired images • - 
25 by the surgeon; at the remote location, will be projected 
• onto ;the patient; to. assist the surgeon located ■ r ' :i ' h: 

proximate ;-to , the patient in performing the medical : 
.^procedure. ; In addition, both surgeons can continue to. 
/ mark .the pre-acquired images in order to mutually 
30 identify . the organs in the patient and the 
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corresponding images of the organs in the pre -acquired 
images. In this way./ telesurgery can be facilitated . 

Another advantage of. the present invention is that '/ 
5 the images projected by the 'image projecting device can 
be marked, either temporarily or permanently, onto the 
patient. This can be performed by. having, an image 
projecting device which emits radiation that can 
permanently mark , a patient/ such. as. by use of a C0 2 
10 laser which could burn the image onto the anatomy of 
the patient, either on the skin of on the: bone. • 
Likewise , use of a photoreactive ink which perceptively 
changes in response to radiation emitted by the image 
projecting device can be used to temporarily mark the 
15 patient with markings made to the pre-acquired images . 

in a similar manner,, use .of an ultraviolet laser could ■ 
be used to leave a mark on .the ; skin of the patient 
• corresponding to markings made to. the pre-acquired 
T , images . In this way, a surgeon can quickly and 
20 accurately mark onto the patient any markings made onto V 
the images, during pre-planning. ^ 

/ in another .aspect: of the present Invention, the 
markings on. :the ^ to "- ■', 

25 areas or tumour s - which, inus i be- irradiated" >as part of a 
photodynairiic therapeutic procedure,/. In other words, 
; • substances which "can-change; ceils ^'pt\,t\\$\pa£ieri£'i such- : x : 
".'. as photodyiiamic agents which; react to sp^dific types of 
. radiation to .be come; /cytotoxic,: ^ 
30 ; patient • The ';image ; projecting programmed . /^ 
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to emit the. types of radiation to which the 
phot odyri ami c agent reacts. In this way, portions of 
the patient, such as tumours, can be eliminated or 
destroyed in a precise, and predetermined manner by 
.5 irradiating the patient with the specific type of 

radiation in a pre-planned, manner, Also, because the 
radiation will be applied in a. specific and pre-planned 
manner, a higher level of accuracy can be obtained for. 
irradiating the patient, and therefore a more general 
10 photodynamic agent can be used which may be partially 
absorbed by the healthy tissue, as only/the tumours 
will be irradiated. Likewise, a more intense beam of 
light can be used because it is less likely that 
healthy tissues will be irradiated. 

Another advantage of . the present invention is that 
the image projecting device cart emit radiation to. .. 
... cauterize, an area of the body . In this way, the area 
of the patient which is to. be cauterized, such as the 
20 portion of the brain . around: a tumour that is to be 

removed, can be pre-planned and executed' automatically 
.' once! the tumour has been removed. 

Further aspects of the invention will become: 
25 apparent upon reading, the following detailed 

-'-'.description and drawings, which . illustrate the invention • : . 
.. arid preferred embodiments; of the. invention.. 
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BRIEF DESCRIPTION OF THE DRAWINGS. 

In the drawings, which illustrate embodiments of 
the invention:. 

. . .. Figure 1 shows a- symbolic 1 representation of a 

" system according to one embodiment of the present 

invention; 

. i0 . -Figure 2 is a further symbolic representation of . a . 

system according . to one : embodiment- of the present- 
i- : invention to project an image; 

: • ; Figure 3 is a symbolic representation of a system . 

15 according to' one embodiment of the present invention 
\ ^ ; used to guide 1 a drill; and:- : y '.. '': ■';.« ; '/ • 

Figure 4 : is a;syinboli . ' 

• '.'■V. ; . According to one embodiment of , the pre sent :. invention ; . 
; 20 used to diagnose or : treat- a patient ... '•[:?/.{, ■ . ■•! 

. DETAILED DESCRIPTION OF^ THE PREFERRED. EMBODIMENT^ v . ; 

: : V"-; •/ -V ; :- ; - . .Figure- 1 illustrates' the system",; .shown generaiay 
y "::V 25: by reference numeral 10 r ^according • to; oneVemb 
; ; ; : % : : • ■ .the present invention -V As -shown ia Figure 1 /..•the:.',:. ; ;■- 

v ^ • • determine sp^ 

V., ' "s^ 



:***-'.-' . "J 
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origin, is generally the frame of reference 2 within . 
which the patient 6 is located . 

The spatial determinator 5 can be any type of. . 
5 . device which can determine the spatial position of 
objects in the frame of reference 2. However, in a 
preferred embodiment, the spatial . determinator 5 
comprises an optical tracking system which utilizes two 
cameras 8 and 9 to track the position and orientation 

10 of objects in the frame of reference 2 and send 
position signals P s indicative of the spatial 
positional information of the objects being tracked in 
the frame of reference 2. It is understood that the 
spatial positional information may include information 

15 regarding the position^ as well as the orientation, of 
the object in the frame of reference 2. 

One object which the spatial determinator 5 tracks 

in the frame, of reference, 2 Is an anatomical body 

20 which, in the embodiment shown in Figure .1, corresponds 
.' to the patient 6 . The spatial determinator 5 will 

. determine the spatial position of the patient 6 and 

generate first positional, signals P S i indicative of the 

: spatial positional information of the anatomical body 6 
25 in the frame -of reference 2 . 

•The first positional signals P sl are received by a 
mapping unit 1 2M which, in the embodiment shown in the 
Figure 1, is contained in a computer 12. It i s 
.30 ;*. understood that the mapping unit . 12 M can be contained V-; 



: — - -- 
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;. within any physical structure which can execute the 
: functions of the. mapping unit 12M and the computer - 12 
.,".:Y. - shown in Figure 1 is simply presented as a 

representation of one possible physical structure 
' 5 within which the mapping- unit 12M may be contained. 

\ • • T he mapping unit 12M' is connected to a storage 

• unit 14 within which pre-acquired images 11 of. the 

anatomical body 6 are stored. . The pre-acquired. images 
' , io 11 stored within the storage unit 14 can , form a data- ; - 
\. ; base body 13 of the patient 6, as is known in the art. 
The storage unit 14 can comprise any type of storage. 
.;. medium to store the data-base body 13 of pre-acquired 
- • images 1 1 for use by the mapping unit 12M . 

. ...is ;;. ■■' ' v ' ; ":'[: ":• ' '/•.'.'...•..■ .- 

In addition to the : data-base body 13 of pre- 
acquired images 11, the storage uhit 44 will ' also have ... 
"stored thereon, any markings, shown generally by ■•■ 
,;-; ,y:.; : . : reference humeral- IBM,, iriade'. on the- data-base ,body 13 . . 
r :-'V 20 >V -Ih other words, if ^a." surgeon' or other, person has made' - 
^'vmarking-s- 18M on the data-base body 13.; these markings 
'>; V -, ; V:';v : . : will be .'stored in the storage unit 14. and can be 

■ accessed by .the- mapping^ unltv lZM . , The markings IBM may 
fi I '-I ; i '■■ ;. ' '. /be stored either with : ;-the ; ima ges : 1 1 / or 5 epa rat e 1 y wi t h • ',• 

an indication of : " how the markings -18H relate; to v the 
ti:/}^l:' J 'y .data-base body 13 of pffe-acquired xTnaj3es-.ll: .; 

The mappihg.un:it l2M receives the first positional 
. . sign al P sl from the spatial determinator 5 •indicating 
£/h 30 : / the. spatial positional information of ; the anatomical . 



WO 01/19271 



PCT/CA00/01054 



- 13 - 

body 6 in the frame of reference 2 . The mapping unit 
12M then maps the markings 18M made on the data-base, 
body 13 of pre-acquired images 11 onto, corresponding 
.. locations of, the anatomical body 6. In order to 
5 accomplish . this, a registration, procedure, ..as is known 
in the art, will generally be performed to register key 
features on the anatomical body 6 to corresponding key 
features on the data-base body 13. 

10 The mapping unit. 12M will then generate a. mapping 

signal M s indicative of the corresponding locations in 
the frame of reference 2 of the markings 18M made on 
. the data-base body 13. In other words, the mapping 

signal M s will . comprise the xyz positional information .. 
15 of the corresponding locations in the frame of . 

reference. 2 f and likely on the anatomical- body 6, of 
. the markings IBM made on the data-base .body . 13 . In • ■ 
cases where the orientation of the markings ,18M is , 
relevant, the mapping signal M s will: also comprise the 
■. . 20 information regarding the orientation .of the mar kings 
\ 18M in the frame of reference 2. The. mapping signal Mj". 
is:, then received hy an image projecting device 16. The . 
image projecting device; 16 can ; comprise a laser or 
other image projecting device 16. which .cap: project an 
25 image / onto any position .in the frame of ref erence. 2 . 

The image projecting device 16 projects an image, 
shown generally by. reference : riuineral-if'I; . based on the . 
. . mapping signal .M s . . The image 181 .cbrrespbnds ;to; the y-i 
30 -markings. 18M.madeo^ 
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projected onto the corresponding locations of the 
anatomical body 6 in the : frame of reference 2. For 
example, if a .surgeon had marked the pre-acquired 

. ima ges 11 with a marking 18M indicating the incision to 
5 ; be made, the: image 181 will correspond' to the location 

■■ on the anatomical body 6 where the marking 18M for the 
incision was made on the data-base body 13. :. 

In a - preferred embodiment, .' the imacje projecting 
l6 device 1 6 projects the ' image 181 in a manner, which can 
be tracked by the spatial determinator 5. In this Way, 
.the spatial determinator 5 can track the. image 181 and 
determine the spatial .information for the image .181 in 
the frame of reference; 2 . The spatial determinator 5 
15 can then generate a second positional signal P s2 
• V inciicative of the .spatial positional information- of the 
: " V; ; image:' 181 in . the ; frame: of reference 2. The mapping unit 
. ' 12M receives the second, positional signal P s2 ;: in 

- -addition .to t^e first positional signal; Psi and ean .. 
20 _ / determine whether pr not: the imaged .181 being projected 
■ ;; b y the image pro jectihg -device 1 6 corresponds; to the 
position of the markings .18M made on the data-base body 
: : :;.i3 11 • If the/mapping, unit; 12H. 

; : ^detects a of . ^ . 

25 ^ /firnage 181 being', projected, and the intehded? location of 

-the) projection;. ■'■ the v mapping unit '. 1 2M . can -s.en.d- y / 
r ; ^ ?/mbdi f ied; gapping \ signal;M s to. cornet , th^- di s^arity and 
- : " ; ^proj ect ; a more accurate "image 181 . v-':- v\ .': ■ 



; ] 
•i 
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Preferably, the image projecting device 16 can 
project the image by emitting radiation which is 
perceptible by the. spatial deterrninator 5-. For 
example, if the spatial " deterrninator 5 comprises an 
optical tracking system having cameras 8 and 9, the 
cameras 8 and 9 can sense or perceive the radiation 
being emitted by the image projecting device 16, and 
thereby generate the second positional signal P S 2 
indicative of the spatial positional information, of the 
image 181 in the frame of. reference 2 . 

If the cameras 8 and 9 of the optical tracking 
system cannot track visible radiation, it will, be 
necessary for the image projecting device 16 to first 
project the image 18 by emitting radiation which is 
perceptible to the cameras 8, 9. Once the, mapping unit 
12M has determined that the image 181 being projected 
corresponds to the markings 18M made on the data-base 
body, the projecting device 16 will then emit radiation 
which is visually perceptible, or otherwise visually 
mark the image 18 onto the anatomical- body 6. In a . 
preferred embodiment, the projecting device 16 can be 
. configured to: project: a laser beam 22 having two V . 
different frequencies, one of. which is perceptible to 
the cameras 8 , 9 and the other : which is visually ; V 

perceptible. This may include, for example, temporally 
interleaving , multiplexing or. temporally overlapping 
the image 191 projected in the emitted radiation which 
is per c ept i b 1 e t o t h e came r a s 8 , 9 and, the emitted . • 
radiation which is visually perceptible . This can be . 
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co-ordinated so that the projecting device 16 projects. 

the image : .181 by emitting Eradiating radiation which is '-. 

perceptible to the cameras 8, 9 for a period of time.. 

sufficient for the spatial determinator 5 to determine 
5 • the position of the projected : image 181 and then 

emitting radiation which is, visually perceptible . 

Should the spatial determinator 5 not require a great 

deal of time to sense or perceive the radiation being . 
, ;' emitted by the image projecting device 16, there may 
. 10 not be a great degradation in the visually perceptible 
. image 181 since the visually perceptible image 181 can .: 

be updated sufficiently .'rapidly.. 

. ... . .. 'preferably, the computer 12 also comprises an 

. 15 inptrt : . unit 121 for inputting information, including 

instructions and data:' For. example, the inputting unit 
. ' 121 : can. be used to input additional markings IBM. onto': 
.... the data-base body 13V -in this way, 'a surgeon can 

.;. - continuously make markings ; IBM;.pn the dat^-base . body ■ 13 
20 during -the procedure^:; The prdjecting; device. 1.6 can . 

. ^then project images liBi^qf the markings 18M, including - . : X : 
the markings made. throughjthe.; input unit . .12 Iy: onto the../. 
' patient. 6i;.'"- s _ : y " "'-. t - *;■;'■'■ ' -:r; : , - : ■ " = ... ■ • •• , : . -v . ; / •";\V- 

• 25 'in' -;a:ddi t ion , if s e ye r a 1. markings 18M are ; ;.made /on; ... v ; ■•; 

■ y ' . : , : the data-base; body 13 of pre-acquired-images: 11,^ ' the - 
Lhput "uni t'- 121 :dan be - used to input: i n f orma ti on • " r ; . : • - 
-ompris ; inb instructions ; as-- ;to^>^qli -mar kiiig- >8M^-t h^. . r- 



• :"oo^ris ; in^ instruction^ 
.'«, projecting:': • ;^>: ..: 
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have marked onto the data-base body. 13 markings 18M 
reflecting the incision, the position and orientation 
; of an entry point, as well as internal features of. the 
patient 6 which. should be treated. Accordingly) the 
5 input unit 121 can be. used by the surgeon to input . 
instructions as to which markings 18M.shoul~d.be 
projected during different stages of the surgical 
procedure. In addition, if the projecting device 16 
can project two different images. 181 simultaneously, 
.10 such as if the projecting device 16 emits a first 

. coherent beam of visible light and a second coherent v 
beam of visible, light, the surgeon can use the input 
unit 121 to select not only which markings 18M. are : 
being projected, but also which coherent beam of light 
15 is being used to proj ect. the corresponding images 181. 
This is particularly useful if the image projecting 
device. 16 emits a second coherent beam of visible light . 
which is of a different wavelength, and, therefore 
different colour, than the first coherent, beam of • 
20 visible light, so that the surgeon can easily : . • : 

distinguish between the two . images 181 being proj ected \ 

It is . also understood that the input unit 121 need;, 
not be located proximate the computer 12 . In . other' -- ,"/-V . 
25/ words, , a. surgeon located " remote from the second .frarn^; 
.... of /reference 2 can have an input, unit 121 and send , : 
information, including, instructions as to additional 
markings IBM- and a selection; of the markings yl^Hy^ayhe^^'-: 
. projected to the computer 12 .. . In this way , telesurgery ■/ 
. ! 30 i can .b>e facilitated by the surgeon located proximate the V : 
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patient 6 immediately seeing the. projection, of the 
'image 181, the markings 18M being made and selected by 

a -remotely -located surgeon . This facilitates image 
, :. guided surgery by permitting a remotely located surgeon 
5 to guided the proximately; Ideated surgeon through the 
procedure by. projecting images 181 of the marking 18M 
. made by the remotely located surgeon directly onto the 
•' patient 6." . \ " \. " '. 

10 Likewise, if. two surgeons are located proximate 

the patient both surgeons can also use the input 
■/ unit 121 to non-obtrusively identify portions of the 

patient's ' : 6 anatomy by ' marking the/pottion on the data- 
base ' body; 13 and then having the image - pr 
15 device 16 project the image 181.. corresponding to , the ' 

' markings IBM:- This could al : . r ; 

to idehtify items of /interest .•.in; ; a : :nOT-evasive.- manner . 
by: projecting- the image- 181; onto -tH^items of; intere 
' ratherVthan; touchi^ 

^t is ; un that the - input unit 121 can • 

. comprise? any/ type of means for inputting inf ormation. . 

For example/ -the input unit \^ a keyboard: y ^.^- f-. 

• " ; '-'pi :-.a : mousse ; y */T&e input unitv- 121 iarv^lsoV be voice - : : 
: ; 2S ? . activated ^uch •; tha t : ; a surgeon; xatn; send verbal commands . 

v • : ^ 1 6 tlVe Input - uni t 12 1 as to ^hi/ch: markings; IBM : should \. \ 

". ; .'. ; be projected. ~ ':/'.''.■ v * \. ..' • \. • ; j 

; } Figure/ 2, shows a further - eihbpa .present: | 
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comprises a laser which emits a coherent beam of 
v visible light, such as laser beam 22. It is understood 
that the image projecting device 16 may be calibrated 
or otherwise registered so ..that it could direct the 
5 . laser beam 22 to a known position in the frame of 

reference 2 in response to the mapping signals M s . In 
order to assist in directing the laser beam 22, the 
image projecting device 16 can comprise translation 
devices 16T which can. move the image projecting* device 
10 '16 such that the laser beam, 22 will have the proper 
position and/ if desired, orientation. 

In a preferred embodiment the spatial 
determinator 5 tracks the position of the image 
15 projecting: device 16. This may assist in calibrating 
•or registering the image projecting device 16 in the 
: . frame of reference 2 . , Also; if the image projecting 

device 16- comprises translation devices 16T, the 
. spatial determinator 5 : can track the positron of the 
20 image projecting device 16 and send a signal (not . 

shown), to the. mapping unit. 12M indicative of the 
v.:... ^position of; ithe . image projecting device 16 in the frame 
of reference 2 . The mapping unit 12M can. then 
determine whether or not the image projecting device 16 
25 has; been moved by the transla^on ;devicesi.:16T to the, 
• • .> "correct position to project image .181 of the markings 
:i8M made ~op the data-base body 13 onto;; the J 
, ydorrespohding locations or the anatomical body 6 in the 
, . \ : frame \of -reference : 2 . ;•;- ■ ^ : ; ; t^r-^y/^x X . X : 
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As also illustrated in Figure 2, it is preferred 
that the spatial determinator 5 be located proximate 
■ i: the image projecting .device 16 in the/ frame of .. 

reference 2. In this way/it will be possible for the 
■ 5 spatial. determinator 5 to easily track the image. 181 
being produced by the laser beam 22.- Also, it is 
desirable to have the spatial determinator 5/. and the 
image projecting device 1.6 proximate to each other and 
out of the way, from the surgeons and other medical 
V>- ; ' io equipment .. In this regard, it. is preferable that both 
• .the spatial determinator 5 and the image projecting 

device 16 be located in otherwise unused. space, such as 
near the ceiling of the operating room.; ; 

. • .. : 1S The patient 6 in Figure 2 is - positioned on a 

. . . table, such as. an operating table 20. As shown in 

Figure 2, the image, projecting device 16 will project 
the image 181, onto the patient 6;. •. ••. . 

: , ,.. 2 Q . If .the; image l6l c6mprises. a circle or other two- 

^ dimerisiohal representation, the image pro jecting device 
16 can quickly move the laser beam 22-- to produce the ■'. 
• '■ ".[:'/■- ; image * l SI : The, laser beam. 22 can be moved rapidly by 

: ?: the : image pro j ecting -device 1 6 so that- the ■: viewer will 

, /-j. 25\ perceive a : substantial^ 

^- ^::V-.^-:-. ; .; : : ;; represented by the .dotted : line on ; the Jpatietit^ 6 in :• .- 
";- ■. Figure 2-/;' by- the^ persistence; of vis If y. . 

7 •: : ;V: , ; des i red, f luoVes cehce ; or othe r methods ;c ould, : a i so be 

-■ : v- ; : - ^'^-^^^ y-v;; • used! ! It: ; is ^understood that as the siir face -upon- which : 

projicted; wili;be; theC-S;U-r 
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an anatomical feature of the patient 6, and therefore , 
not necessarily flat, the projecting device 16 and the 
mapping unit 12H will compensate for the shape of the 
anatomical feature of the/patient 6 so that image 181 
5 of the markings 18M made on the data-base body 13 

appear on the corresponding locations of the anatomical 
body of the patient 6 even though the surface is not 
flat.- ■ • ■ •'■ 

> ; , . : xo In addition,: the laser beam 22 could, be configured 

such that it can permanently mark the image 181 onto 
the patient 6. This can be accomplished, for example, 
by using an image projecting device 16 which emits a 
laser beam 22 that can permanently mark the patient 6. 
15 For example, use of a' projecting device. 16 which 

comprises a C0 2 or ultraviolet laser could "burn" the 
image 181 onto the anatomy, such as either on the skin 
or on the bone, of the patient 6 - . In this way, once 
the image 181 has been "burned" or otherwise 
■ 20 permanently marked on the patient- 6, the : image 

. projecting/ device 16 can then- cease projecting the • C 

image 181 and; discontinue emitting the- laser beam 22. 

.:\.-V.- : In a preferred embodiment,, use of photoreactive 

25 . ink, shown - generally by ref erence .numeral.; 2 8 in Figure •' : ; 

':\ 2, can be applied to the patient . 6.^, TO 

'\-''T":.';V. ink 28 would. preferably react to the . radiation emitted . ;.; 

'■■ . by : the image projecting, de vi ce 1 6 * , such . as the 1 ase f . -y • 

; beam 22> and changie in. : a visu . 

< M; 30..: response to the laser beam 22v ^^:^f'y/.^t h ?..f^"9f-- : ; ' bv: '■ C.i 
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'. .r 22 •-• , ••• • • • 

181 projected by the image projecting :device 16 would 
be. temporarily or permanently marked onto, the patient 6 
by means of the photoreactiye. ink perceptively changing, 
in response to the emitted radiation: Accordingly, in 
this way,, the markings IBM made on the data-base body 
13 can be easily transferred, to temporary or permanent 
markings on the patient 6 by means of the projected 
image 181- In this' case, .it is understood that 
radiation emitted, by the image projecting . device 16 
need not be visually perceptible, but only cause the 
photpreacti ve ink 2 8 to react in a perceptible manner 



Figure 2 also shows a tracking tool 24 attached to 
the patient 6 by means of a support 25. The tracking 
tool 24 can assist, in. tracking the position and 
orientation; of .. the patient 6 in the frame ; of reference 
2; In a preferred embodiment, where the spatial 
determinator; 5 comprises an .optical tracking system 
having came r a s 8 v an 9 , ;t h e trac king tool 24 will have 
tracking emitters or. reflectors 26 which can be 
perceived by the cameras "8 ,'. 9 In this way, the v 
cameras 8 , 9 can easily:: track the position of the 
tracking elements 2 6. and -thereby determine the position 
and -orientation of .the patient; 6 in the frame of ; 
reference. 2 . The t racking i; tool 2 4 can comprise any • / 
type of tracking tool/ such as the tracking tool 
described ?in U • S \ '^a t ent 5 , 8 34 ,v7 59 which ;/is /' i 
incorporated herein by preference '-■■'f :'. 
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Figure 3 shows a further embodiment of the present 

invention. In Figure 3, the image projecting device 16. 

is projecting the laser beam 22 at an entry point 18E 

into the patient 6. 

5 . " .;. ."■ . 

It is apparent from a, comparison of Figures 2 and . 

3 that the entry point 18E corresponds to a specific 

point on the image 181 shown in Figure 2. In other . 

words, in Figure 2 the image projecting device 16 is 

10 projecting the image 181 of a first marking 18M made on 
the data-base .body 13 which represents the portion of 
the skull of the patient 6 which is to.be removed. In 
Figure 3, the image projecting device 1 6 is projecting 
the image of the entry point 18E which corresponds to 

15 the markings 18M made on the data-base body 13 

indicating the. desired entry point, to the patient 6 in 
order to remove the portion of the skull represented by 
image 181. The projecting device 16 could either 
project the image 181 or the image of the entry point . 

20 18E according to the signals inputted from the input 

unit 121 as discussed above. Alternatively, both the , 
/ image - 181 and the mage of the entry point 18E could be 
projected at the. same time . 

25 In the case. of the entry point 18E, a surgeon may 

be concerned not. only with the position of the entry 
. point 18E, but also. the orientation of the entry ; . point 
18E. The markings. 18M on the data-base body 13, would 
likely include a vector having a position, as well as . 

30 : an orientation, \to uniquely identify the entry, poirrt ii 
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six degrees of freedom . : Accordingly., the. image, of the . 
: entry . point .18E . will, have an orientation., and . position . 
. .which corresponds . to. both the .position and orientation 
' ; D f , the markings 18M made on the data-base body ,13 . ; ; 

As shown in - Figure, 3, the orientation and position ■ '. . ;. 
of the laser beam 22, which corresponds to the; markings 
18M made on the data-base, body, 13, can be. used. by. the ., 
- surgeon : t6j, align instruments, such as drill 30, for. 
10 : entry into the patient 6. It is apparent that as the 
../ surgeon aligns the . drill 30 by means of the laser beam. : 
22, the surgeon will have the benefit of seeing the . . 
image of. the entry point 18E corresponding to the 
markings! 18M made on, the data-base body 13, .as well as , 
15 be able to observe the drill .30 as it cuts into the 

entry point 18E of the patient: 6.- In this, way, the '. . 
surgeon will not only know that, the position of the : .'. 
drill 30 corresponds to the markings 18M made on the 
• data-base body 13, but the surgeon will also be able to . 
20 view the. drill 3.0 entering into the entry point 1 BE. • . ;. 
This will assist the surgeon in orienting the diriil 30, 
as well as permit the surgeon to become immediately 
. ' aware 'of any "critical .structures'' which may be • ;'. 

':/-. V encc^tered- .by :the . drills 
^S-istfuctuo^ 

T ..v ; ^^fe ;: drill:';30; may-, alsolbe attach • 
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tracking elements 36 which are -tracked by the cameras 
8, 9 when the spatial de terminator 5. comprises an 
optical tracking system. In this way, the drill. 30 can 
also be tracked in the frame .of reference 2 and a 
5 representation of the tool 30. may appear on the data- 
base body 13 of pre-acquired image 11. As- such,, the 
surgeon will have the benefit of both viewing the 
orientation and position of the markings 18M projected 
by the image projecting device 16 on the patient 6, as 
10 well as viewing a representation of the drill 30 on the 
data-base body 13 of pre -acquired; images 11 , as i s done 
ori conventional systems. 

In a further preferred embodiment, the. system 10 
15 may generate an audible alarm if the position of the 
drill 30/ as perceived by the cameras 8, 9 deviates. 
•'.'; irom the orientation and position of the markings- 18M 
• as - represented by the laser beam 22 . In this way, the 
: surgeon will be immediately advised if the drill 30 
20 v does not follow the path of the markings 18M made on 
: the data-base body 13 of pre-acquired images 11 . 

Figure 4 ^ shows a further embodiment of the present, 
invention. In Figure 4, a portion of the skull of . the 
2S ' patient 6 has been removed It will- be apparent from, a 
Veomparispri of ■Figures 2 and 4 that the hole in the 
. skull 40 corresponds to the image 181 made by the image 

• projecting device 16 and i 1 lu s t rated in Figure 2 . 
: * : /Accordingly, the surgeon has removed' a portion of the 
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skull 4 0 as pre-planned and as projected by the image 
.181 onto the patient 6 as shown in Figure 2 ■ ,-' 

With the: portion of the skull removed,, a treatment. . 
5 area 42 is revealed. In a preferred embodiment, the . 
image .projecting device 16 can also be used to diagnose ',-: 
and/or treat the patient 6 as follows. 

As shown in Figure 4 , a . radiation detecting . device. , 
10 48 is present to detect radiation -from the anatomical: - 

body 6 The radiation detecting device 4 8 has a field. './ 
of view 4 6 and will detect radiation reflected from the 
anatomical body 6/ and more specifically the. treatment 
area 42 of the anatomical body 6 . In this way,- the : . 
15 image projecting device 16 can project diagnostic \ 

images 18 D, and. if desired,, in With different types of. 
radiation, into the treatment area- 42: corresponding to . v.- 
markings 18M made on the data-base body 13. The 
radiation from the diagnostic image 18D will be 
20 reflected towards, the field of view. 4 6 ,of ; the radiation y 
detecting device 48 . By using different types of 

radiation, : the radiation detectirig : ;devibe: : 4 8 : will be . ■ ; : : ; . 

able to analyze the radiation detected from the;- . : '' : y\r : i\y' 
treatment ; area 42 of the anatomical body - 6. to determine } 
25 cha r a c t e r i sties v of the: anatomical body being radiated v : y-';f>:^\ : 
by the image projecting device 16 .y In: this ;way f> ; y- — y-.-.; ; -. yy 
• diagnostic ^procedures can be per formed. -within the .. r y y 

■ treatment" area 4 2. based on diagnos tic"mar-kihgs: 18 D and : : y ■ -.V. y;;y 
pr e vi 6u si y made , to the da t a-ba s e bpdyy 1 3 . : > • \ . 
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It is. understood that the image detecting device 
48 comprises- a detector 4 9 which. detects the radiation 
reflected from the anatomical body 6 in field of view 
46. The radiation detecting device 48 also, comprises 
5 .. t he electronics to analyze the radiation detected from 
the anatomical body 6 . to determine the, characteristic 
of the anatomical body being irradiated. Rather than 
having the electronics located proximate the detector 
49, the electronics can be located in another location, 

10 and could be contained within the computer 12. Also, 
while the detector. 4 9 for the, radiation 
device 4 8 is shown separate from the spatial 
determinator. 5, in one embodiment where the spatial 
determinator 5. comprises an optical tracking system, 

15 the cameras 8, .9 of the optical tracking system may 
also be used as the detector 49 for the radiation 
detecting device 48 if the cameras 8 , 9 can detect the 
type of radiation being reflected: from the anatomical 
. ; . : -." body 6 . .', ' '* 

i Also> as shown in Figure 4 , .in addition to the 
image.. projecting, device 16, a second separate beam 
source 4 4. which emits beam 45 could l>e ; -used in addition 
. to, ,or in .replacement of , . the image projecting device . 
1.2S ^16 and the beam 22, Of course. if ^he"; beam source 44 V /;■: 
, is , to project an image 18 p. corresponding to the .• / ' .- 
/ -markings IBM- made on the data-fese body :i3, it wiiT be : . 
^necessary for. thei beam source 4 4. to receive ^signals 
"'[ correspohding to t h e mapp i ng . si gna 1 s M s , as, is. done, by 
30. the image; projecting, device. 16. . : 
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In. a further preferred embodiment',, the system 10 
/.- can be used to treat the patient 6.. : This can be done 
in one mariner by applying a substance to the anatomical 
5 body 6. which reacts to a specific type of radiation. 
'V Preferably, the reaction would cause cells, of the 

anatomical body 6 to which the cells of the anatomical 
'/' .'/'■ ''■body 6 to which - the substance and radiation have been 
.applied. to change. For example,, the substance can 
^ kill the cells; in its vicinity in 

:'r- reaction to specific /types of radiation. • For example, 
.'. the substance may comprise a photodynamic agent , which 
/./'/'is applied either to the surface of the treatment area 
A 42, intravenously or orally by the patient. 6, The 
■"■"'ViS-' - photodynamic agent can be. taken up non-pref erentially 
/ : ; , \ : :by the; healthy, tissue, as well as any tumours/ in . the 

..' /'. "j patient/ 6. The photo^ to 

the radiation from the laser beam 22 to change the 
'/ ; ;/^/://^\/; cells, of the; anatomical, body, 6.. such as by Becoming ; 
; " V : ip; cytotoxic and jcilling ; the cells in the vicinity . • . 

V'£ ; > : ,-• :.Because; the /.images 18D can be prpjected; in- a 
;-'/r, ; '''AASAiA 0;- Precise manner tb irtadiate objects i treatment ■ 

;-/ ; ■.: ■-■^ pii the^ data-base 

-J:^ more/ precise ' ir radlrtibn .of the' -treatment.- area " " 

: ,; way <-: ; ^niy ^e/^umour s: . . .. : 

: ./ • ; • ; can- be - ^ .. •-/ 

/> v;^ 

/-> :: 
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general photodynamic agents can be used .which may be 
partially absorbed by . the healthy tissue, as well as 
the tumour, because the laser beam 22 will only be 
directed to an image corresponding to the markings 18M 
5 on the tumour in the data-base body 13/ For the same 
reasons, a more intense laser beam 22 could be used. . 

In a similar manner, an intense laser beam 22 can 
be used without. a substance, such as a photodynamic 

10 agent, to treat the patient 1 6. For example, if a 

tumour bed has been marked on the data-base body 13, an '.• 
intense beam, such as from a C0 2 laser, can be used to 
cauterize the tumour bed. In this way, the tumour bed, 
or other portion of the. anatomical body 6, can be 

15 cauterized in a rapid and precise manner. 

It is understood that the image detecting device 
48 comprises a detector 4 9 that detects the radiation 
reflected or emitted by means of a photonic interaction.; 
20 from the anatomical, body 6 or a debris plume 47 . The. .. 

second beam source 44 , and if desired, a third .beam- • , '. ' . - 
source (not shown} could be used to induce a photonic 
reaction in the plume 47, including non-linear optical 
effects, Raman or fluorescent scattering or similar - 
25 effects to determine partial, or. complete composition of. 
; t '■' the plume 4 7 or components thereof.. ^ 

known principle; of J"dif f erehtial absorption'',, it is . " J 

. • possible to determine the. chemical of /the • ' : V. 

plume 4 7 by comparing the relative absorption Of. two / - 
30 closely tuned laser beams 22.;' 45. : -: s ;-y' : - ; v v;;^ 
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In addition, the system 1 6 can be used in other 
procedures in order t6 treat the patient - 6 :.. For 
example, tattoos or other surf ace blemishes, may appear 
5 6n pre-acquired images 11. The tattoos can be marked 
by markings 18M on the data-base body 13 formed by the 
pre-acquired images 11. The' imaqe projecting device 16 
can then emit radiation which will blanch the tattoos 
-or other surface blemishes in a rapid and precise 
i'o - manner corresponding :tb markings 18 made on the data- - •• 
base body 13.. :V'?-" ■ 

,It understood that while the present invention has 
been described in terms of the anatomical body 6 of the. 
" :i5 human, the system 10 and methdd of using the system 10 . ' - 

' are not limited to use on humans. . Rather, the system 
. ' .10 and method of using the.' system. 10 can be . used in . 
' ■ veterinary and other applications where an image of ' [ 

markings made on pre -acquired images must-.be projected . ; 
20 onto the corresponding .locations of the objects from " : , 

which, the images were acquired.;: ■ 

It ; is also understood that while' the present . ... ; 
v ':. •'; . 'invention has been described and illustrated, in terms. '\V:'\ ■_; 

25 of a surgical procedure on the skull of the patient 6, . v. V 

.' , , the invention is not limited to this application. V*. ; 

■ Rather, the invention can be used in any type of V • 

: surgical, procedure where;/ pro j ect ion of; images : . : - - '. - 
., corresponding to the markings 
- 30 11 will faciiitate. image guided surgery. 'x;- y 
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It will' be understood that., although various, 
features of the invention have been described with 
respect to one, or another of . the embodiments of the 
5 invention, the various features and embodiments of the 
invention may be combined ■ or used in conjunction with 
other features and embodiments of . the invention as 
described and illustrated herein. 

10 •• Although this disclosure has described; and 

illustrated certain preferred embodiments of the ■ 
invention, it is to be understood that the invention is 
not restricted to these particular embodiments. 
Rather, the invention includes all embodiments which 

15 are functional, . electrical or mechanical equivalents of 
the specific embodiments and features that have been 
described and Illustrated herein ; 
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The e^odimen'ts^^f-the^ihventiqn in which an 
exclusive; property or privilege is claimed are defined 
as follows: ' 



5 1. A system for projecting onto an anatomical body \ 
markings made on a data-base body of ..pre-acquireci. 
images of the anatomical body, said system comprising: 
a spatial determinator, for determining spatial 
. positional, information of the anatomical -body. and 2 
10 generating first positional signals indicative of £he" 
spatial positional information, of the. anatomical .body 
inthe frame of reference; ;. ; . *\ : •" ... 

. a mapping unit for receiving first positional 
signals- indicative of the spatial; positional :: " f, 
15' information of the anatomical body in the frame of • 
reference, mapping the . markings -made. ; on : the data-base 

body of pre-acquired images onto corresponding • y - /: ; "/V ; 

.. locations oh the anatomical, body an;d; generating a . v - ; j 

mapping signal indicative of t ' .'■ ■ f 

20 /: locatioris. in the, frame of reference of the markings, on . : -\ ; - / 

the. data-base body; and • ■-< ■ • y..\ ■ / : ■ ' - . \ .'. | 

'•'.■••.Ian image projecting device ^ "f or , receiving: the .« j 

mapping signal and projecting ^ of, the, markings , : \ \*.\r'[ ;\ | 

- . made :on . the Tdata-bas;^ . • ''-i I 

25 locations' of the anatomical body v , .: -•' .'"'-".V/ J 

2 ''''''^ilievi^steitt'' as defined in^claim ; 1 wherein the image j 
projecting device emits • a ^ 'C'J'.^X-'^ ' : ! 

.'can;^ J 
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markings projected by the image projecting device will 
be permanently marked onto the anatomical body.. 

3. . The system as defined in claim 1 further 
comprising: 

a substance which reacts to a specific type of 
radiation by changing in a perceptible manner; 

. .wherein the image projecting device emits the type 
of radiation to which the substance reacts; and 

.wherein the substance can be applied to the 
anatomical body such that projecting the image in the 
type of radiation to which, the substance reacts onto 
the anatomical body will mark the anatomical body with, 
the image projected by the image projection device. 



15 



4. The system as defined in claim 1 further 
comprising the steps of: 

applying. a substance to the anatomical body which. 
.... react S; to a specific type of radiation by changing. 
; 20 cells of the anatomical body to which the. substance has 
been applied; and ■ * 

wherein projecting the image in the type of 
radiation: to which the substance, reacts onto. the. ... 
anatomical body changes the cells of a portion of the 
.25 .anatomical- body to which: the substance; is applied and 
the type of radiation is projected.. 

y' - 5 V .7, The : system as defined in claim 1 wherein, the 

i spatial deterjiunator comprises./an ^prical tracking 
li : ;;Vv." : 30 system to track objects In the frame of reference; and 
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wherein the optical tracking. system optically 
tracks the anatomical body : in the frame of . .reference 
and generates the first positional signal s indicative 
of the spatial positional information, of the anatomical . 
body in the frame of reference.*. 
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6. The system- as defined in claim 5 wherein the image 
projected.by the image projecting device can be tracked 
by the, optical tracking system; and. 

wherein' the optical tracking system tracks ;the 
image projected by the image 'projection device; and 
generates second positional signals indicative of the 
spatial positional information of the image in the 
frame of reference; and 

. wherein the mapping unit receives the.; first 
positional signals and second positional signals and. 
determines whether :the image being .projected by the 
image projecting device corresponds to the markings 
made on the data-base body of pre-acquired images . 

i\::; : ihe system, as defined in claim -6 wherein if the- : 
image' being projected by the ; image pro j ecting : device \ . . 
does not correspond to the markings made. on the data- 
base- body, the mapping unit regenerates ..the trapping 
signal to Cause the. projecting device /to\p;roject : a more •" ; . 
accurate image of the markings .made: oh the; data-base 
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8. The system as defined in claim 5 wherein the 
optical tracking system is proximate the image 
projecting device in the frame of reference. 

5 9. The system as defined in, claim 1 further 
comprising: 

radiation detecting device : for detecting radiation, 
from the anatomical, body; 

wherein the image projecting device projects the 
10 image of the markings made on the data-base body onto 
the corresponding, locations , of the ..anatomical body 
using types of radiation which can be reflected from 
the anatomical body towards the radiation detecting 

device; and • • ..... \ . . 

15 wherein the radiation detecting device analyzes 

the radiation detected from the anatomical body to 
determine a characteristic of the anatomical body being 
irradiated by the image projecting device. 

20 10. The system as defined in. claim ? wherein the 
spatial de terminator comprises an optical tracking 
system to track objects in : the frame of reference; 

•wherein the optical tracking system optically 
tracks the anatomical body; inVthe frame, of. reference • 
25; .and generates the first positional signal indicative 

of the spatial • positional information : o ft he anatomical 
body in the frame of reference; and ^ 

wherein, the; optical tracking system and the 
radiation detecting' device share a common radiation , 
. 30 detector. ; ,■ . - - ' Zr?' . ' 
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... 11 xhe system. as defined in claim 1 further 

"comprising: : '_-;Y. 

storage unit. for. storing said datarhase body, of 

5 pre-acquired images, .said storage unit being connected 
to the mapping unit;; ' ' : 

. ' an input unit connected to said storage unit for 
inputting information, said information: comprising 
markings made onto the .data-base body of /pre- acquired 



■' '*". i0 : ■■" images ; . ^:' : ''\\ : y:< 

. •••• wherein informations; cor i 



corresponding /to markings, made 
on the data-base body of pre-acquired images can be 
inputted at all times;; and 

wherein the image projected by the image;. . 
■15 .projecting device - can comprise the . markings; made on the 

. data-) 
. input 



-base body by information inputted. through the 
: unit. "". '■-;;-V:-'" , ' ! - " r :• 

■ i 12\. : The system as defined wherein ^he 

■Y V ;. ? o . ; image pr oj ecting ::de vi ce, ^ emi t S : a : f i r s t cpher eh t ; beam of . 

V ? ■ 0 " visible light ; : - apidjZ O ■■y : '\ " -..S:": VV*"" ""-V-." ' 

■ ; : .."7- ..V .. : ' : whe rein inf ormation inputted ; in ; th^ ririput^yunit 

determines which of - :the : markings . made on the data-base 
'■['.}■. •■• : . bcxiyi. are projected^ 

"•' .;: v"\ i-^rV , T he sys teirt as: def ined in blaim 12v wher^in^the 
'■ • V S : , ':^^,:': image: prdj^ting a, second .c^ 

■ '.•;;>• -visible - light ^ first 
- coherent beam: of ^visi-ble ; light ; and. \*;'-^^^ y; : - . ; ■ 
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wherein the information inputted .into the input 
unit selects .which markings made on the data-base -body 
are projected by the first coherent beam of visible 
light and. the second coherent beam of visible light. 



14. The system as defined in claim 1 wherein the image 
.projecting device emits a coherent beam of visible 
light; and 

wherein the image projected onto the anacomical 
1G body comprises a visible beam of coherent light having 
a position and orientation corresponding to the 
markings- made on. the data-base body of " pre-acquired 
images . 

15 15. A method for projecting onto an. anatomical body 
markings made on a data-base body of pre-acquired 
images of the anatomical body, said method comprising 
the steps of: ; 

obtaining spatial positional information of the 
20 anatomical body in a frame of reference; 

mapping the markings made on the data-base body of 
pre-acquired images onto the . corresponding locations on 
the anatomical, body;/ and . v. .:. '-■ 

projecting an image of the markings made on the 
25 ..data-base body onto the corresponding locations on the 
anatomical body :iri the frame of reference.. _ 



16 . The method as" , defined^ in claim ,15 . further 
y-.y^y ••• comprising the .step-of V -\ *: - 
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permanently marking the anatomical body with the 
image projected by the projection device: 

17.. The method as defined in claim 16 wherein the 
image projecting device emits a coherent beam of light 
which can burn the anatomical body; 

wherein the step of permanently marking the . 
'anatomical body comprises the step of projecting the 
image of the markings . onto the anatomical body, such 
that the markings are permanently burnt: thereon. 



18. The method as defined in claim 15 - further 
comprising the step of:.; 

temporarily .marking the anatomical body with the 

15 image projected by the projection device. ; 

"■■ 19. The method as defined in claim 18 further 
." ■ comprising the steps , of 

applying a substance to the anatomical body which.. . . >\ 
20 : reacts to a specific type of radiation by changing in a ,\ ; 

. perceptible manner; and s - : 
projecting the . type of ' radiation to which;: the ■. 
' substance reacts onto the; anatomical body corresponding ; 

to the markings; made /to the data -Base body of pre-V , ;= "v\.-J; r: ' v :- : 
25 acquired images so. that the anatomical body Is 



. temporarily mar ked : with the image pro jecfced, by. ! the; ; ; V : ;> ; : - ^ --^ : ' ^ | 

image proj ection device'. ' ■ -..*-. • \\ •;,-.;■.-/. • O*.-; ; . f 

:\:S\ '\t^-26/::{ The method as def ined 'in ciaim;15" further: ,\\/QyC: | 

• .30 ; : ; comprising the steps ..of : ■'. ; -V- y : [-\ . y. .'■ -y . V.; yr:--:-\.:;: : y-f[[y.-y ? 
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applying a substance to the anatomical body which 
reacts to a specific type of radiation. by changing 
cells of the anatomical body to which the substance has. 

.been applied; and 
5 wherein projecting the image in the type of . 

radiation to which the substance reacts onto the 
anatomical body changes the cells of a portion of the 
anatomical body to which the substance is applied and 
the type of radiation is projected. 

10 ' ■ . . . ., . •. • ■_ ; - 

21. The method as defined; in claim 15 wherein the 
image projecting device emits visible light; and . 

wherein the step of projecting an image of the 
markings onto the anatomical body comprises the step of 

15 projecting a visible image, of the markings onto the 
anatomical body. 



22. The method as defined in claim 15 wherein the 
image; projecting device emits .a first, coherent: beam of / ■ 

20 visible light; and ' - 
. wherein the step- of projecting an image of the y, . 
markings onto the anatomical body comprises the step of 
. ; projecting a visible beam of light having a position \ 

' and orientation corresponding to the markings made r on;.. • ■ - 
25 the data-base. body. _ y . . 

•' 23 . The method as defined in claim 22 wherein, the . - : ^V! 

image projecting device emits a . second coherent jDeam; of.. : / 
: : . visible, light- at X .different from the first . .y 

,30 / coherent beam of visible light; and. : : , '■, ■;; -\\ . -i^ 
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wherein the - first and second coherent beams, of 
visible light project images of different markings onto; 
the anatomical body corresponding to the markings made 
on the data-base body of pre-acguired images.. . 
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FIG. 3: 
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